Abstract. In this paper, we propose a new efficient Product-Decode-Forward (PDF) scheme for two-way relay networks, where two source nodes communicate with each other with the help of relay nodes. In the proposed scheme, the relay node only performs decoding once on the product of received signals from two sources and broadcasts to source nodes. The scheme can improve the performance of the two-way relay networks and has less decoding complexity compared with DF scheme. Theoretical and simulation results show that the proposed PDF scheme can provide better (bit error rate) BER performance and achieve more channel capacity compared with Product-Forward (PF) scheme.
Introduction
Relay technique [1] has received much attention for overcoming signal fading problems in wireless channels because of its better communication efficiency. Two-way relay networks (TWRN) [3, 4] have been proposed in order to make up for the efficiency losses of the one-way relay system [2] . In TWRN, relaying strategies are usually classified into two categories: amplify-and-forward (AF), decode-and-forward (DF). In AF scheme, which is popular because of its low complexity, the relay simply amplifies the received signals according to its available average transmitting power and retransmits the scaled signals. On the contrary, in DF scheme, the received signals are decoded and recoded at the relay respectively, which has high complexity but can get better BER performance in high SNR region.
Researchers proposed some forwarding scheme [6] [7] [8] [9] in order to improve the performance of relay systems. Considering the detrimental wireless fading effects, packets cannot always be decoded correctly, literature [6] proposes a new hybrid AF and DF scheme with network coding for TWRN, where the relay node can amplify and forward the network coded information when one of the packets from the two source nodes cannot be correctly decoded. By exploiting the channel coding gain and obtaining diversity gain, a new (Decode-amplify-forward) DAF strategy which has cleverly combined the merits of both DF and AF is proposed in [7, 8] . A novel scheme based on product relay, which is referred to as product-and-forward (PF), has been proposed in literature [5] . In the proposed scheme, the relay node receive signal from two source nodes respectively, and forwards the product of two received signal to source nodes, Analysis shows this scheme outperforms the traditional AF scheme.
In this paper, we focus on TWRN and propose a low-complexity joint channel coding and network scheme, termed product-decode-forward (PDF), which has cleverly combined the merits of PF and DF. In the proposed scheme, the relay computes the product of two received signal from two source nodes and decodes the product results, then broadcasts to source nodes. Although the proposed PDF scheme only performs decoding once at the relay, the performance of TWRN has been improved significantly. Figure 1 . Wireless two-way relay networks model.
System Model
We consider a two-way relay network as shown in Fig.1 , where there is no direct link between the two sources, denoted by A S and B S , and they should communicate with each other with the help of relay node, denoted by R . It is assumed that all nodes are equipped with a single antenna and operate in a half-duplex mode. Let iR h to represent the fading coefficient between i S and R with zero mean and unit variance. Moreover, the fading coefficients are constant during one frame time and independently vary from one frame to another. We assume the system has perfect channel estimation and the source and relay nodes have all the channel information.
In the two-way PF relay networks, at the first slot, source A sends A x to the relay, and source B sends B x to the relay at the second slot, where A x and B x denote the codes after channel coding, and source symbols at source A and B are A s and B s , respectively. We assume that     
Subsequently, the relay..generates the broadcasting signal by scaling the product R y with an amplifying factor  , and then broadcasts to two source nodes eventually. Let R x be the signal to be transmitted at relay R , and it can be expressed as R 
where 
Product-Decode-Forward Scheme
In the proposed PDF scheme, the relay received signal from two source nodes at different slots. At the third slot, the signals received from source A and B are multiplied at the relay, so the result is (14) In the same way A s can be recovered at source node B. To clarify the proposed PDF scheme, we give the block diagram shown in Fig.2 , which describes how the PDF scheme works for the two-way relay networks. 
Performance Analysis
It is assumed that the powers of noise in all links are the same and channel reciprocity. Therefore, the channel capacity of PDF scheme is
Based on the received SNR (6) and (7) 
where   E  is to calculate the expectation. It is clear that the proposed PDF scheme achieves more channel capacity than PF scheme over Rayleigh fading channels.
Simulation Results
We provide simulation results to show that the PDF scheme can achieve more channel capacity and better BER performance than the PF scheme. It is assumed that source nodes use IEEE 802.16e LDPC codes [9] , and the SNRs of all links are identical. Fig.3 provides the channel capacity comparison between the proposed PDF scheme and PF scheme over Rayleigh fading channels. Because of the high SNR at the receiver of the sources, PDF scheme has more channel capacity than PF scheme. Fig.4 and Fig.5 provide the BER performance comparison between the proposed PDF scheme and PF scheme over AWGN channels and Rayleigh fading channels, respectively. It is clear that the proposed PDF scheme has lower BER than PF scheme in high SNR due to the decoding at the relay. 
Summary
Network coding is a promising technique for improving the throughput and robustness in packet networks. In this paper, we focused on two-way relay networks and proposed a new efficient PDF scheme. In particular, we have introduced the concept of decoding the product of two received signal, where the relay node performs decoding on the product of received signals from two sources. We have also shown that the proposed PDF scheme not only has less complexity than DF scheme, but also achieves better performance compared with PF scheme. Finally, it has been shown that the proposed PDF scheme can be easily applied in wireless cooperative networks.
